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a  b  s  t  r  a  c  t
Piroxicam  (chemically  4-hydroxy-2-methyl-N-2-pyridinyl-2H-1,2-benzothiazine-3-
carboxamide),  a  classical  non-steroidal  anti-inﬂammatory  drug  (NSAID)  is orally
administered  to arthritic  patients.  Inhibition  of prostaglandin  E2 (PGE2) synthesis  and
subsequent  free  hydroxyl  radical  generation  in  vivo  exert  gastro-toxic  side  effects  on
piroxicam  treatment.  Leaves  of curry  plant  are  rich  in antioxidants  with  proliﬁc  free
radical  scavenging  activities.  This led  us  to investigate  the  efﬁciency  of the  use  of curry
leaves  in  ameliorating  piroxicam  induced  gastric  damage.  Piroxicam  was  orally  (30  mg
per kg body  weight)  administered  in male  albino  Wistar  rats  to generate  gastric  ulcers.
These  rats  were  orally  fed  with  graded  doses  of  aqueous  extract  of  curry  or Murraya
koenigii  leaves  (Cu  LE)  prior  to piroxicam  administration.  Oxidative  stress  biomarkers,
activities  of antioxidant  and  pro-oxidant  enzymes,  mucin  content  and  nature,  PGE2 level,
activities  of  mitochondrial  enzymes  and  histomorphology  of gastric  tissues  were  studied.
Piroxicam  treatment  altered  all the above  mentioned  parameters  whereas,  curry  leaf
extract pre-treated  animals  were  protected  against  piroxicam  induced  alterations.  Hence,
the protective  action  of  the antioxidant  rich  Cu  LE  was  investigated  to  propose  a new
combination  therapy  or dietary  management  to arthritic  patients  using  piroxicam.
© 2014  Published  by  Elsevier  Ireland  Ltd.  This  is  an open  access  article  under  the  CC
BY-NC-N
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1. Introduction
Piroxicam, a classical NSAID, is a choice for most
clinicians in arthritis and similar clinical conditions. The
possible  risk of gastro-toxic effects and ulceration of gas-
tric  mucosa imposed by this drug [1] has recently restricted
its  use. This drug induced gastric damage is possibly
article under the CC BY-NC-ND license (http://creativecommons.org/
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caused due to oxidative stress built up in vivo in the
course of its metabolism or action. Earlier studies indicated
gastro-protective PGE2 synthesis leads to decreased gastro-
intestinal motility, reduced blood ﬂow and ischaemia in the
stomach  [2]. Such changes generate free hydroxyl radical
(•OH) in gastric tissues. Thus, the main causative fac-
tor  behind piroxicam mediated gastro-toxicity and gastric
ulceration has been recognized to be •OH [3].
Leaves of the curry plant (Murraya koenigii), well known
for  their culinary use, have been reported to be effective
in  many diseased conditions [4,5]. Curry leaves may  be
medicinally useful for the treatment or prevention of dia-
betes,  cancer and cardiovascular disease. Ingestion of curry
leaves  improved the plasma lipid proﬁle in the rat feeding
model. It also promoted both hypocholesterolemic effects
and  improved glycaemic status in obese mouse model [6].
There  are reports suggesting that the leaves possess anti-
oxidative and anti-lipid per-oxidative actions [7]. Thus, the
leaves  of the curry plant have the potential to provide pro-
tection  against oxidative stress.
Association of high amount of •OH generation on oral
administration of piroxicam has triggered the search for a
nutritional  component effective in •OH scavenging. There-
fore,  the remedy is sought to be located in the inclusion of
antioxidants rich curry leaves in regular diet. In this study,
we  have in consequent phases determined the ulcer index,
in  vivo •OH titre, alterations oxidative stress biomark-
ers, alterations in activities of antioxidant and pro-oxidant
enzymes and changes in nature and content of free gas-
tric  mucin. The present study investigates the efﬁcacy of
aqueous  curry leaf extract in protecting piroxicam induced
gastro-mucosal damage through anti-oxidative mecha-
nisms.
2.  Materials and methods
2.1.  Chemicals
Piroxicam sold under the trade name Dolonex DT was
purchased from the local chemist shop. All chemicals and
solvents  used in the present study were of analytical
grade and procured from Sisco Research Laboratories (SRL),
Mumbai,  India; Qualigens (India/Germany); SD Fine Chem-
icals  (India) and Merck Limited, Delhi, India.
2.2. Collection of curry leaves
Fresh green curry leaves were collected from differ-
ent parts of the Burdwan district in West Bengal, India
in  between the months of August and November. The
identity of the plant was conﬁrmed by Mr.  P. Venu, Sci-
entist  ‘F’, the Botanical Survey of India, Central National
Herbarium (Government of India, Ministry of Environ-
ment and Forests), Botanic Garden, Howrah 711 103,
West Bengal, India. The Herbarium of the plant was
deposited in the BSI against voucher specimen No. CNH/I-
I/42/2010/Tech.II/233.2.2.1.  Preparation of Cu LE
The leaves were separated, washed thoroughly in nor-
mal  tap water and kept at room temperature in Borosilorts 1 (2014) 987–1003
tray  for 1 h with its bottom covered with a piece of blot-
ting  paper to soak any excess water. The leaves were
then dried in a hot air oven at 35 ◦C for two  days
till the leaves were dry enough so that they could be
crushed into a ﬁne dust in a mechanical grinder and
were stored in air tight Tarson bottles at normal room
temperature.
For  aqueous extract preparation, the dried leaf dust
was  soaked overnight in double distilled water (7.5 g per
100  ml), ﬁltered through ﬁne cotton cloth. The ﬁltrate was
centrifuged at 5000 rpm for 10 min  (using a REMI cold-
centrifuge). The supernatant, thus obtained, was  ﬁltered
again through cotton cloth, collected in sterile polypro-
pylene tubes and frozen at −20 ◦C. The contents of the
tubes were then lyophilized and the resulting powdery
material was then stored at −20 ◦C until further use. A deﬁ-
nite  amount of the lyophilized material was always freshly
dissolved in double distilled water to give a particular con-
centration and an aliquot of this solution (not more than
0.5  ml)  was fed to the rats with the help of a feeding nee-
dle.  The yield of aqueous curry leaf extract (Cu LE) was
14.72 ± 0.36% (w/w).
2.3. Animals
Male Wistar rats of body weight 160–180 g were used
throughout the experiments. The animals were handled
as  per the guidelines of institutional animal ethics com-
mittee (IAEC) of Department of Physiology, University of
Calcutta  in accordance with the committee for the purpose
of  control and supervision of experiment on animals (CPC-
SEA),  Ministry of Environment and Forest, Government
of India. All the experimental protocols had the approval
(approved under proposal No. IAEC/PROPOSAL/DB-5/2010
dated 05/05/2010, approval date: 16/11/2011) of Institu-
tional Animal Ethics Committee (IAEC) of the Department
of Physiology, University of Calcutta. Prof. P.K. Samanta,
M.Sc. (Vet.), Ph.D., Professor and Veterinary Surgeon and
CPCSEA  Nominee to Department of Physiology, University
of  Calcutta, acted as the advisor for animal care and hand-
ling.
2.4.  Treatment and collection of tissue samples
For our present study, the animals were housed in galva-
nized  wire cages, in well ventilated, air conditioned rooms
of  our animal house with 12 h light/dark cycle, at about
18 ◦C room temperature for 7 days to get adapted to labo-
ratory  condition. All rats had been given a standard diet
containing 18% protein, 71% carbohydrate and vitamins
which are considered to be an adequate (normal) dietary
protein level [8].
The  animals were released from quarantine and imme-
diately they were kept on fasting condition in specially
designed cages for the following 40 h. After that treatment
of  rats was carried out as per the schedule mentioned
below.
The animals were divided into six groups as follows for
the  dose response study:
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GROUP I: Control group (C). Rats were allowed to drink
water supplied ad libitum.
GROUP  II: Piroxicam treated group (Px). Rats were orally
administered piroxicam at a dose of 30 mg/kg body weight
dose with a feeding needle. The treatment was carried out
immediately after 40 h fasting.
GROUP III: Cu LE pre-treated at a dose of 50 mg/kg body
weight and piroxicam fed group (Cu LE1). Cu LE was
administered at 50 mg/kg body weight at the onset of the
experiment and immediately after 1 h, the animals were
orally fed piroxicam at 30 mg/kg body weight.
GROUP  IV: Cu LE pre-treated at a dose of 100 mg/kg body
weight and piroxicam fed group (Cu LE2). Curry leaf aque-
ous extract was administered at 100 mg/kg bodyweight at
the onset of the experiments and immediately after 1 h,
the animals were orally fed piroxicam at 30 mg/kg body
weight.
GROUP V: Cu LE pre-treated at a dose of 200 mg/kg body
weight and piroxicam fed group (Cu LE3). Cu LE was
administered at 200 mg/kg bodyweight at the onset of the
experiments and immediately after 1 h, the animals were
orally fed piroxicam at 30 mg/kg body weight.
GROUP  VI: Cu LE pre-treated at a dose of 300 mg/kg body
weight and piroxicam fed group (Cu LE4). Cu LE was
administered at 300 mg/kg bodyweight at the onset of the
experiments and immediately after 1 h, the animals were
orally fed piroxicam at 30 mg/kg body weight.
In another separate set of experiment, animals were
ivided into the following four groups to ascertain the
echanism underlying Cu LE mediated protection against
iroxicam induced gastric ulcer:
GROUP I: Control group (C). Rats were allowed to drink
water supplied ad libitum.
GROUP  II: Cu LE treated group (Cu LE200). Rats were orally
administered Cu LE at 200 mg/kg body weight.
GROUP  III: Piroxicam treated group (Px). Rats were orally
administered piroxicam at dose of 30 mg/kg body weight.
The treatment was carried out immediately after 40 h fas-
ting.
GROUP IV: Cu LE pre-treated at 200 mg/kg body piroxi-
cam fed group (Cu LE200 + Px). Cu LE was administered at
200 mg/kg bodyweight at the onset of the experiments
and immediately after 1 h, the animals were orally fed
piroxicam at 30 mg/kg body weight.
Each  group of animals comprised of 6 rats. At the
nd of treatment, all the animals were allowed to drink
ater and kept undisturbed for four hours. The ani-
als were sacriﬁced by cervical dislocation following light
ther  anaesthesia. The abdomen of each rat was surgically
pened to collect the stomach for macroscopic observa-
ions, histological studies and biochemical estimations. The
tomach  tissue was kept in sterile plastic vial at −20 ◦C until
urther  biochemical analysis. For histological studies, an
ppropriate portion of the fundic part of the stomach was
laced  immediately in formalin ﬁxative. Prior to sacriﬁce
lood was collected through cardiac puncture for deter-
ination of PG E2 in serum. Each set of experiment was
epeated at least three times.orts 1 (2014) 987–1003 989
A separate set of experiment was  carried out to deter-
mine the degree of inhibition of free hydroxyl radical
generation in vivo with oral administration of Cu LE at a
dose  of 200 mg/kg body weight.
2.5. Determination of ulcer index
Stomach was ﬂushed with saline and lesions in glan-
dular portion were then exposed and examined under a
magnifying glass. The grade of lesions was scored accord-
ing  to the following scale: 0, no pathology; 1, small 1–2 mm
ulcers;  2, medium 3–4-mm ulcers; 4, large 5–6-mm ulcers;
8,  ulcers greater than 6 mm.  The sum of the total ulcer
scores in each group of rats was divided by the number
of animals in the group to give the mean ulcer index for
that  group [9].
2.6.  Biochemical estimations
2.6.1.  Determination of free mucin content
The free mucin content in the gastric tissues was esti-
mated by measuring the amount of alcian blue bound to
mucus  [10]. The glandular stomach tissues were incubated
with  a 1% buffered sucrose solution of alcian blue in (0.1%)
sodium acetate at 37 ◦C for 60 min. After incubation, the
tissues were washed with sucrose and centrifuged. The
supernatant was extracted with MgCl2, and the amount
of  alcian blue was  estimated spectrophotometrically at
610  nm.  The quantity (g) of alcian blue/g of wet glandular
tissue was then calculated.
2.6.2.  Measurement of lipid peroxidation (LPO), protein
carbonyl content (PCO), reduced glutathione (GSH) level
and  total sulfhydryl group (TSH) content
A portion of the fundic stomach was homogenized (5%)
in  the ice-cold 0.9% saline (pH 7.0) with a Potter–Elvehjem
glass homogenizer for 30 s. The homogenate was  cen-
trifuged at 800 × g for 10 min  and the supernatant was
again centrifuged at 12,000 × g for 15 min  in a RC-5B
refrigerated Sorvall centrifuge to obtain the mitochondrial
fraction. Lipid peroxides of this fraction were deter-
mined as thiobarbituric acid reactive substances (TBARS).
Tetraethoxypropane (TEP) was  used as standard [11].
Protein carbonyl content, an index of metal-catalyzed
oxidative damage, was determined according to Levine
et  al., using 0.8 ml  of the cell free (500 g) homogenate (10%)
in  50 mM sodium phosphate buffer, pH 7.4 [12].
The  GSH content (as acid-soluble sulfhydryl) was esti-
mated by its reaction with DTNB (Ellman’s reagent). After
centrifugation of the 10% homogenate in 20 mM ice-
cold  ethylenediaminetetraacetic acid (EDTA) for 15 min  at
12,000  × g, 1 ml  aliquot of the supernatant was used to
measure the GSH content [13].
2.6.3. Determination of gastric peroxidase (GPO),
superoxide dismutase (SOD) and catalase (CAT) activities
A  portion of the fundic stomach was homogenized
(10% homogenate) in 0.25 M sucrose and 50 mM phos-
phate buffer (pH 7.2) and the mitochondrial fraction was
prepared as described above. The GPO activity in this frac-
tion  was measured using iodide as an electron donor. The
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assay system contained in a ﬁnal volume of 1 ml: 50 mM
sodium acetate buffer pH 5.2, 1.7 mM  KI, a suitable vol-
ume  of enzyme, and 0.27 mM H2O2 added last to start the
reaction. The enzyme activity was expressed as units/mg
protein [14].
Superoxide dismutase activity of the mitochondrial
fraction (Mn-type) and the post mitochondrial super-
natant (Cu–Zn type) were measured by xanthine oxidase
cytochrome c method [15] and haemotoxylin auto-
oxidation method [16] respectively. In brief, for Mn-SOD
a  portion of the fundic stomach was homogenized (10%) in
ice-cold  50 mM phosphate buffer, pH 7.8. The homogenate
was then centrifuged at 500 × g for 10 min  and the super-
natant thus obtained was again centrifuged at 12,000 × g
for  15 min  to obtain the mitochondrial fraction. The mito-
chondrial pellet was suspended in buffer and used for the
enzyme  assay using a UV/VIS spectrophotometer at 550 nm
with  an O2•− generating system (xanthine/xanthine oxi-
dase)  in the presence of cytochrome c. The enzyme activity
was  expressed as Units/mg tissue protein.
To determine Cu–Zn SOD activity, a portion from the
fundic stomach was homogenized (10%) in ice-cold 50 mM
phosphate buffer containing 0.1 mM EDTA, pH 7.4. The
homogenate was centrifuged at 12,000 × g for 15 min  and
supernatant collected. Inhibition of haematoxylin auto-
oxidation by the cell free supernatant was measured at
560  nm using a UV-VIS spectrophotometer. The enzyme
activity was expressed as units/min/mg of tissue protein.
Catalase was assayed by the method of [17]. A weighed
amount of gastric tissue was homogenized (5%) in ice-
cold  50 mM phosphate buffer, pH 7.0. The homogenate was
centrifuged in cold at 12,000 × g for 12 min. The super-
natant, thus obtained, was then collected and incubated
with 0.01 ml  of absolute ethanol at 4 ◦C for 30 min, after
which 10% Triton X-100 was added so as to have a ﬁnal
concentration of 1%. The sample, thus obtained, was used
to  determine catalase activity by measuring the breakdown
of  H2O2 spectrophotometrically at 240 nm.  The enzyme
activity was expressed as mol  of H2O2 consumed/min/mg
tissue protein.
2.6.4.  Determination of the activities of glutathione
reductase (GR), glutathione peroxidase (GPx) and
glutathione-S-transferase (GST)
The activity of GR was determined according to the fol-
lowing method [18]. The assay mixture in a ﬁnal volume
of  3 ml  contained 50 mM phosphate buffer, 200 mM KCl,
1  mM EDTA and water. The blank was set with this mixture.
Then,  0.1 mM NADPH was added with suitable amount
of  homogenate (enzyme) into the cuvette. The reaction
was initiated with 1 mM oxidized glutathione (GSSG). The
decrease  in NADPH absorption was monitored spectropho-
tometrically at 340 nm.  The speciﬁc activity of the enzyme
was  calculated as units/min/mg tissue protein.
The GPx activity was measured according to the method
of  [19] with some modiﬁcations [20]. A weighed amount of
gastric  tissue was homogenized (10%) in ice-cold 50 mM
phosphate buffer containing 2 mM EDTA, pH 7.0. The assay
system  in a ﬁnal volume of 1 ml  contained 0.05 M phos-
phate buffer with 2 mM EDTA, pH 7.0, 0.025 mM sodium
azide, 0.15 mM glutathione, and 0.25 mM NADPH. Theorts 1 (2014) 987–1003
reaction  was started by the addition of 0.36 mM H2O2.
The  linear decrease of absorbance at 340 nm was recorded
using a UV/VIS spectrophotometer. The speciﬁc activity
of  the enzyme was expressed as nmol of NADPH pro-
duced/min/mg tissue protein.
The GST activity of the rat gastric tissue was mea-
sured spectrophotometrically according to the method as
described  by Habig et al. [21]. The enzymatic reaction was
measured by observing the conjugation of 1-chloro,2,4-
dinitrobenzene (CDNB) with reduced glutathione (GSH).
One  unit of enzyme conjugates 10.0 nmol of CDNB with
reduced glutathione per minute at 25 ◦C. The rate where the
reaction  was linear was  noted at 340 nm. The molar extinc-
tion  of CDNB is 0.0096 M−1/cm. The enzyme activity was
expressed as units/min/mg of tissue protein.
2.6.5. Determination of tissue level of endogenous free
hydroxyl radical (•OH) generation
The •OH generated in the stomach was  measured using
DMSO as •OH scavenger [22]. DMSO forms a stable product
[methanesulfonic acid (MSA)] on reaction with fast blue BB
salt.  Four groups of rats containing six animals per group
were  used for each experiment. The ﬁrst group served as
control  and the animals were injected (i.p.) with 0.4 ml  of
25%  DMSO in saline per 100 g body weight. The second
group served as Cu LE administered group and the animals
were  injected DMSO in the earlier mentioned dose 30 min
before  oral administration of Cu LE at a dose of 200 mg/kg
body  weight. The third group was injected DMSO in the
above  mentioned dose exactly 30 min  before feeding pirox-
icam  only at 30 mg/kg body weight. The animals of the
fourth  group were injected DMSO and in an interval of
30  min  and 1 h were orally administered Cu LE (at a dose
of  200 mg/kg body weight) and piroxicam (at a dose of
30  mg/kg body weight) consecutively. They were kept at
room  temperature without any stress after the administra-
tion of DMSO. The stomach of each animal was processed
for  MSA, which was allowed to react with the fast blue BB
salt  to yield a yellow product. This was measured spec-
trophotometrically at 425 nm using benzenesulfonic acid
as  standard. Values obtained were expressed as nmol of
•OH generated per g of stomach.
2.6.6. Indirect assessment of in vivo generation of
superoxide anion free radical by determining the
activities of the enzymes xanthine oxidase (XO) and
xanthine dehydrogenase (XDH)
XO activity of the rat gastric tissue was assayed by
measuring the conversion of xanthine to uric acid [23].
Brieﬂy, the weighed amount of gastric tissue was homoge-
nized  in cold (10%) in 50 mM phosphate buffer, pH 7.8. The
homogenates were centrifuged at 500 × g for 10 min. The
resulting supernatant was  further centrifuged at 12,000 × g
for  20 min  in cold. The supernatant, thus obtained, was
collected and used for spectrophotometric assay of the
enzyme at 295 nm using 0.1 mM xanthine in 50 mM phos-
phate  buffer, pH 7.8, as the substrate. The enzyme activity
was  expressed as milli units/min/mg tissue protein.
The activity of XDH was  measured by following the
reduction of NAD+ to NADH according to the method of
[24].  In brief, the weighed amount of rat gastric tissue was
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omogenized in cold (10%) in 50 mM phosphate buffer with
 mM EDTA, pH 7.2. The homogenates were centrifuged in
old  at 500 × g for 10 min. The supernatant, thus obtained,
as further centrifuged in cold at 12,000 × g for 20 min. The
nal  supernatant was used as the source of the enzyme, and
he  activity of the enzyme was measured spectrophoto-
etrically at 340 nm with 0.3 mM xanthine as the substrate
in  50 mM  phosphate buffer, pH 7.5) and 0.7 mM NAD+ as
n  electron donor. The enzyme activity was expressed as
illi  units/min/mg tissue protein.
.6.7. Determination of the activities of pyruvate
ehydrogenase (PDH) and Kreb’s cycle enzymes
The weighed amount of rat gastric tissue was homog-
nized (10%) in ice-cold 50 mM phosphate buffer, pH 7.4
ith  a Potter Elvenjem glass homogenizer (Belco Glass Inc.,
ineland,  NJ, USA) for 30 s. The homogenates were then
entrifuged at 500 × g for 10 min. The supernatant, thus
btained, was again centrifuged at 12,000 × g for 15 min
o  obtain a pellet containing mitochondria. This pellet was
gain  suspended in the buffer and used for measuring the
ctivities  of the mitochondrial enzymes. The PDH activ-
ty  was measured spectrophotometrically [25] with some
odiﬁcations by following the reduction of NAD+ to NADH
t  340 nm using 50 mM phosphate buffer, pH 7.4, 0.5 mM
odium  pyruvate as the substrate and 0.5 mM NAD+ in
ddition to the enzyme. The enzyme activity was expressed
s  units/min/mg tissue protein.
Isocitrate dehydrogenase (ICDH) activity was  deter-
ined by measuring the reduction of NAD+ to NADH at
40  nm with the help of a UV-VIS spectrophotometer [26].
ne  millilitre assay volume contained 50 mM phosphate
uffer, pH 7.4, 0.5 mM isocitrate, 0.1 mM MnSO4, 0.1 mM
AD+  and the suitable amount of enzyme. The enzyme
ctivity was expressed as units/min/mg tissue protein.
Alpha-ketoglutarate dehydrogenase (-KGDH) activity
as  measured spectrophotometrically [26] by determining
he  reduction of 0.35 mM NAD+ to NADH at 340 nm using
0  mM phosphate buffer, pH 7.4 as the assay buffer and
.1  mM alpha-ketoglutarate as the substrate. The enzyme
ctivity was expressed as units/min/mg tissue protein.
Succinate dehydrogenase (SDH) activity was mea-
ured spectrophotometrically by following the reduction
f  potassium ferricyanide (K3FeCN6) at 420 nm [27] with
ome  modiﬁcations. One millilitre assay mixture contained
0  mM phosphate buffer, pH 7.4, 2% (w/v) BSA, 4 mM succi-
ate,  2.5 mM K3FeCN6 and a suitable aliquot of the enzyme.
he  enzyme activity was expressed as units/min/mg tissue
rotein.
.6.8.  Determination of the activities of some of the
itochondrial respiratory chain enzymes
NADH-cytochrome c oxidoreductase activity was  mea-
ured  spectrophotometrically by following the reduction
f  oxidized cytochrome c at 565 nm [28]. One millilitre of
ssay  mixture contained in addition to the enzyme, 50 mM
hosphate  buffer, 0.1 mg  BSA, 20 mM oxidized cytochrome and 0.5 mM NADH. The activity of the enzyme was
xpressed as units/min/mg tissue protein.
The cytochrome c oxidase activity was determined
pectrophotometrically by following the oxidation oforts 1 (2014) 987–1003 991
reduced  cytochrome c at 550 nm according to the method
of  [28]. One millilitre of assay mixture contained 50 mM
phosphate buffer, pH 7.4, 40 mM reduced cytochrome c and
a  suitable aliquot of the enzyme. The enzyme activity was
expressed as units/min/mg tissue protein.
2.6.9. Estimation of protein
The protein content of different samples was  deter-
mined following the method of [29].
2.6.10. Prostaglandin E2 (PGE2) assay
100  mg  of wet  glandular gastric tissue was weighed and
homogenized in 10 mM sodium phosphate buffer, pH 7.4
(1  ml). After centrifugation (9000 × g), PGE2 was measured
in  the supernatant by ELISA and in sera in similar way
[30]. The values were expressed as pg/ml for serum and
pg/100 mg  gastric tissue for stomach PGE2 titre.
2.6.11.  Histological studies
2.6.11.1.  Studies using tissue sections stained with haema-
toxylin and eosin, per-iodo acid Schiff (PAS) and alcian blue. A
portion  from the fundic part of rat stomach was spread out
on  a wooden block, attached and ﬁxed in formalin. Later an
ulcerated  part was separated out with the help of a surgical
blade.  The part of the stomach dissected out was embed-
ded  in parafﬁn following routine procedure and 5 m thick
sections  were stained separately with haematoxylin–eosin,
per-iodo-acid Schiff (PAS) reagent and Sirius red (Direct red
80;  Sigma Chemical Co., St. Louis, MO,  USA) respectively by
a  routine procedure [31].
Alcian  blue dye staining was performed following
another routine procedure [32]. Dewaxed tissue sections
were  brought to water medium and placed in alcian blue
dye  solution of pH 2.5 (prepared by dissolving 1 g alcian
blue  in 100 ml  3% acetic acid solution) for 5 min. The sec-
tions  were washed in water to remove excess stain and
counterstained with 0.5% neutral red stain for 2–3 min. Fur-
ther  washing with water and rinsing in absolute alcohol
was carried out and the sections were mounted to observe
under  microscope.
2.6.11.2. Quantiﬁcation of total collagen content by con-
focal  microscopy. The rat gastric tissue sections (5 m
thick) were stained with Sirius red (Direct Red 80;
Sigma Chemical Co., St. Louis, MO,  USA) [33] and imaged
with a laser scanning confocal system (Zeiss LSM 510
META, Germany) and the stacked images through multi-
ple  slices were captured. Four slides were prepared for
each  rat from each group and only the representative
images are presented. The digitized images were then
analyzed using image analysis system (ImageJ, NIH Soft-
ware,  Bethesda, MI)  and the total collagen area fraction of
each  image was measured and expressed as the % collagen
volume.
2.6.11.3. Quantiﬁcation of pro-MMP 9 activity by gelatin
zymography. The fundic part of the gastric mucosa was
suspended in phosphate-buffered saline containing pro-
tease  inhibitors, minced, and incubated for 10 min  at 4 ◦C.
It  was centrifuged at 10,000 rpm for 10 min. The pellet
was extracted in the lysis buffer (10 mM Tris–HCl pH 8.0,
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150 mM NaCl, 1% Triton X-100 plus protease inhibitors)
and centrifuged at 10,000 rpm for 10 min. Tissue extracts
were  preserved at −20 ◦C and used in future studies. For
determination of pro-MMP-9 activity, mucosal extracts
were electrophoresed in SDS-polyacrylamide gel contain-
ing  1 mg/ml  gelatin under non-reducing conditions. To
determine exactly the band of pro-MMP 9, rat uterine sam-
ple  was loaded as a marker which has rich store of pro-MMP
9.  The gels were washed in 2.5% Triton-X-100 and incu-
bated  in digestion buffer (40 mM Tris–HCl, pH 7.4, 0.2 M
NaCl,  10 mM CaCl2) overnight at 20 ◦C and stained with
0.1% Coomassie Blue followed by destaining. The zones of
gelatinolytic activity came as negative staining. Enzymatic
activity was determined by measuring the area produced
by  each band at 92 kDa region with the help of Image J soft-
ware.  This procedure was adopted from [34] with slight
modiﬁcations.
2.6.12. Quantitative determination of phytoconstituents
of Cu LE
The  methods of [35] were used to determine the total
phenols and ﬂavonoid content of the extract. Total phe-
nols  were expressed as mg  gallic acid equivalents (GAE/g
extract) where gallic acid was used as standard. Flavonoid
content was expressed as mg  catechin equivalents (CE/g
extract) where catechin was used as standard. Alkaloid
contents were estimated [36] and expressed as mg/g bis-
muth  nitrate. Total tannins were determined according to
the  method of [37] and expressed as tannic acid equivalent
(TAE/g extract).
2.6.13.  Analysis of Cu LE through GC–MS
GC–MS analysis [38] was carried out using Agilent Tech-
nologies 6890 N Network GC system & interfaced to Agilent
Technologies 5973 Inert Mass Selective Detector (MSD)
employing the following conditions: column DB-1 ms  fused
silica  capillary column (30 × 0.25 I.D. × 0.10 ﬁlm, composed
of 100% dimethylpolysiloxane) (chosen for improved sig-
nal  to noise ratio for better sensitivity and mass spectral
integrity), operating in electron impact mode; helium (5.0)
was  used as carrier gas at a constant ﬂow of 1 ml/min.
The injector, MS  Source & MS  quadrapole temperature
was ﬁxed at 250 ◦C, 230 ◦C and 150 ◦C, respectively, and
turbo speed of the pump was 100%. The oven tempera-
ture was programmed from 50 ◦C (isothermal for 2 min),
with  an increase of 10 ◦C/min to 100 ◦C (isothermal for
5  min), then 10 ◦C/min to 300 ◦C (isothermal for 5 min).
For tuning of the MSD  in EI mode perﬂuorotributylamine
(PFTBA) was used as tuning compound. Mass spectra
were taken at 2235 EMvolts and fragments from 40 to
550.
Interpretation of the mass spectrum of GC–MS was con-
ducted using the database of National Institute Standard
and Technology (NIST) which consists of more than 62,000
patterns. The spectrum of the unknown component was
compared with the spectrum of the known component
inherent in the NIST library. The name, molecular weight
and  structure of the components of the test materials were
ascertained.orts 1 (2014) 987–1003
2.7.  Statistical evaluation
Data  are represented by mean ± S.E.M. Signiﬁcance of
mean  values of different parameters between the treated
groups were analyzed using one way  analysis of variances
(ANOVA) after ascertaining the homogeneity of variances
between the treatments. Paired comparisons were done
by  calculating the least signiﬁcance. Statistical tests were
performed using Microcal Origin 7.0 for Windows.
Each experiment was  repeated at least three times with
different rats.
3.  Results
3.1. Dose standardization of aqueous curry leaf extract
Fig. 1 shows that aqueous curry leaf extract provides
protection to the gastric mucosa against piroxicam induced
damage in a dose-dependent manner. Aqueous curry leaf
extract  pre-administered at 100 mg/kg body weight dose
reduced  ulcer index by 86.7% against piroxicam fed ani-
mal  group (**P ≤ 0.001), but almost complete protection
was  rendered when 200 mg/kg BW and 300 mg/kg BW
doses  were administered. This is clearly indicating that
the  extract at 200 mg/kg BW dose is sufﬁcient to provide
protection against piroxicam induced gastric ulceration in
rats.
Parts  A and B of Fig. 1 are representative pho-
tographs of macroscopic and microscopic changes in the
rat  stomach clearly indicating ulcerative damages on feed-
ing  rats with piroxicam at 30 mg/kg BW dose orally.
Haematoxylin–eosin stained sections reveal that mucosal
bleeding occurred on piroxicam feeding, which was pro-
tected  when graded doses of the aqueous extract was
administered before piroxicam feeding. Photographs of the
inner  surface of stomach show no ulcer spots in the rats fed
200  mg/kg BW and 300 mg/kg BW doses of the aqueous
extract.
Biomarkers of oxidative stress altered in piroxicam
induced gastro-toxicity. Lipid peroxidation level and
reduced glutathione content were also protected in a dose
dependent manner by aqueous curry leaf extract. In Fig. 1D
and  E curry leaf extract shows reduction in lipid per-
oxidation level by 53.7% (**P ≤ 0.001 vs. piroxicam fed
group)  and 1.4 fold increase (**P ≤ 0.001 vs. piroxicam
fed group) in reduced glutathione content on administra-
tion of 200 mg/kg BW dose prior to oral administration of
30  mg/kg body weight dose of piroxicam.
Key gastric antioxidant enzymes viz. gastric peroxidase,
Cu–Zn superoxide dismutase and catalase altered in pirox-
icam  fed animals and were near control levels in animal
groups fed with aqueous curry leaf extract at doses as high
as  200 mg/kg body weight and 300 mg/kg body weight dose
prior  to piroxicam administration. Fig. 2A–C clearly indi-
cate  alterations and protection of the antioxidant enzyme
activities in piroxicam treatment and pre-treatment of
graded  doses of aqueous curry leaf extract in piroxicam-
fed animals respectively. Fig. 2D and E showing increased
activities of xanthine oxidase and xanthine dehydrogenase
in piroxicam fed group indicate increased free superox-
ide anion radical generation in vivo on piroxicam feeding.
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Fig. 1. Dose response studies with aqueous curry leaf extract. The rats were fed different doses of Cu LE (ranging from 50 to 300 mg/kg body weight) 1 h
before  oral administration of piroxicam at 30 mg/kg body weight. (A) Macroscopic view of rat gastric mucosal surface, blue arrow heads are pointing towards
pin  head ulcer spots. (B) Representative images of H&E stained gastric sections at magniﬁcation 400×, black arrow heads are pointing towards regions of
m ) Repre
ﬁ  express
t on test)
A
m
i
c
c
i
y
s
s
2
3
s
t
o
u
mucosal  erosion. (C) Bar graphs representing the changes in ulcer index. (D
gure  for changes in reduced glutathione content. All values in (C)–(E) are
reated  animals (one-way ANOVA followed by Scheffe’ multiple comparis
queous curry leaf extract at 200 mg/kg body weight dose
aximally prevented such free radical generation by keep-
ng  the activities of the enzymes near control.
Repeating dose response studies thrice, it was con-
luded that 200 mg/kg body weight dose of the aqueous
urry leaf extract administration one hour before pirox-
cam  treatment can provide maximum protection and
ield  satisfactory results in piroxicam induced oxidative
tress mediated toxicity and ulcerative damages. In the
ubsequent sections, results obtained with this selected
00  mg/kg BW (Cu LE) dose have been elaborated.
.2.  Anti-ulcer activity of Cu LE
Fig. 3A and B shows the haemorrhagic ulcers of the
tomach mucosa and ulcer index determined respectively
o  ascertain the anti-ulcerative action of the selected dose
f  Cu LE. Macroscopic study clearly shows that there are no
lcer  spots and the ulcer index has been reduced to a mini-
um  of 1.67 ± 0.69 (**P ≤ 0.001 vs. piroxicam fed group) insentative ﬁgure for changes in lipid peroxidation level. (E) Representative
ed as mean ± S.E.M. where *P ≤ 0.001 vs. control, **P ≤ 0.001 vs. piroxicam
.
200  mg/kg body weight Cu LE pre-administered piroxicam-
fed  group.
Microscopic changes were studied using haematoxylin
and eosin (H&E) staining, PAS staining and alcian blue dye
staining  and photomicrographs are represented in Fig. 3C.
H&E  stained gastric tissue sections of control group rats and
only  Cu LE treated group showed no prominent blood ves-
sels  in the mucosa and submucosa. Treatment of rats with
oral  administration of piroxicam with a dose of 30 mg/kg
body  weight resulted in marked changes in gastric tis-
sue  morphology. The mucosa of the gastro-oesophageal
junction had few eosinophilic inﬁltration but submucosa
showed to have both neutrophilic and eosinophilic inﬁl-
tration  in piroxicam treated animal group. Gastric tissue
sections stained with H&E of Cu LE pre-treated animals
showed no vascular congestion or speciﬁc cellular inﬁl-
tration, thereby indicating protective effect of the extract
against piroxicam induced ulcerative damage in rats. PAS
stained  gastric tissue sections of the control and only Cu LE
treated  animals showed a uniformly pink stained gastric
mucosa. Tissue sections of piroxicam treated animals were
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Fig. 2. Dose dependent effects of aqueous curry leaf extract on activities of antioxidant (A–C) and pro-oxidant enzymes (D and E) in rat stomach. The rats
were  fed different doses of Cu LE (ranging from 50 to 300 mg/kg body weight) 1 h before oral administration of piroxicam at 30 mg/kg body weight. (A)
The  gastric peroxidase activity. (B) The Cu–Zn superoxide dismutase (SOD1) activity. (D) The catalase activity. (D) The xanthine oxidase activity. (E) The
ity leve
e-way Axanthine  dehydrogenase activity. Bar graphs represent the values of activ
where  *P ≤ 0.001 vs. control, **P ≤ 0.001 vs. piroxicam treated animals (on
discontinuously stained pink along the mucosal border due
to  degeneration and sloughing of mucosal cells. The unifor-
mity  in mucosal border staining of gastric tissue sections of
Cu  LE pre-treated animal group indicates a protective effect
of  the extract against piroxicam induced tissue damage.
Alcian blue (ACB) dye preferentially binds acidic mucin.
Gastric tissue sections of control animals showed the blue
dye  binding intensity to be less when compared with sec-
tions  from other animal groups. When ‘+1’ score is assigned
to  the control tissue sections, ACB stained piroxicam
treated animal tissue sections scored ‘+3’. Such observa-
tion revealed a pathological change in mucin secretion
type on piroxicam treatment. The histopathological ﬁnd-
ing  clearly indicates that piroxicam treatment increases
acid mucin secretion in otherwise neutral mucin secreting
normal gastric tissue. Reduction in ACB staining intensity
in  tissue sections from only Cu LE treated group indicates
that mucin secretion pattern did not alter signiﬁcantly on
pre-treatment with the extract. The free neutral mucin
content depletes appreciably and the nature of secreted
mucin turns acidic on ulcerated stomach. Fig. 3D shows
that  piroxicam also mediates its ulcerative damage throughls of different enzymes and all the values are expressed as mean ± S.E.M.
NOVA followed by Scheffe’ multiple comparison test).
reduction in mucin level by 22.3% (*P ≤ 0.001 vs. con-
trol). Cu LE pre-treated piroxicam fed animals had no such
reduction in mucin content clearly indicating protection
from ulcerative damage rendered by the pre-feeding of the
extract.
3.3.  Effect of Cu LE on biomarkers of oxidative stress
Biomarkers of oxidative stress include lipid peroxida-
tion level, protein carbonyl content, reduced glutathione
(GSH), non enzymatic total sulfhydryl group content (TSH),
oxidized glutathione (GSSG) content and GSH–GSSG ratio.
Table  1 represents the changes in biomarkers of oxidative
stress on piroxicam treatment and protection rendered on
pre-treatment of rats with Cu LE at a dose of 200 mg/kg
body weight. Lipid peroxidation level and protein carbonyl
content increased in piroxicam treated rats by 2.16 folds
and  5.57 folds respectively, compared to values obtained
(P  ≤ 0.001 vs. control) in control rats. Levels of TSH and GSH
decreased signiﬁcantly in piroxicam fed rats by 59.17% and
59.63%  respectively from control rats (*P ≤ 0.001 vs. con-
trol  in each case). GSSG content increased by 51.16% and
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Fig. 3. Protective effective of 200 mg/kg body weight dose of aqueous curry leaf extract in piroxicam-fed rat stomach. (A) Macroscopic view of rat gastric
mucosal  surface, blue arrow heads are pointing towards pin head ulcer spots. (B) The bar graph representing changes in ulcer index values. (C) Upper panel
showing  photomicrographs of H&E stained gastric sections, middle panel consisting of PAS stained sections and lower panel represents alcian blue dye
stained  sections; captured as viewed under inverted phase contrast microscope at magniﬁcation 200×, black arrow heads are pointing towards regions of
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s.  control, **P ≤ 0.001 vs. piroxicam treated animals (one-way ANOVA fo
he ratio (GSSG:GSH) increased by 4.3 folds from control in
iroxicam  treated rats (*P ≤ 0.001 vs. control in each case).
alues  in Table 1 clearly indicate that no biomarkers altered
n  feeding rats with only aqueous extract of curry leaves at
00  mg/kg BW dose. Table 1 further indicates that altered
iomarkers were restored to control values when rats were
re-treated with aqueous curry leaf extract at 200 mg/kg
W  dose before feeding piroxicam at 30 mg/kg BW
ose.
able 1
evel of lipid peroxidation, protein carbonyl, total sulfhydryl, reduced glutathion
Parameters Animal gro
Control (C
LPO (nmoles TBARS/mg protein) 0.61 ± 0.0
PCO (nmoles carbonyl/mg protein) 2.65 ± 0.2
Total sulfhydryl content (nmol TSH/mg of tissue protein) 44.3 ± 0.9
Reduced glutathione content (nmol of GSH/mg of tissue protein) 24.1 ± 0.8
Oxidized glutathione content (nmol of GSSG/mg of tissue protein) 0.39 ± 0.0
a P ≤ 0.001 compared to control values using ANOVA.
b P ≤ 0.001 compared to piroxicam treated values using ANOVA.ll values in (B) and (D) are expressed as mean ± S.E.M. where *P ≤ 0.001
y Scheffe’ multiple comparison test).
3.4.  Protective effect of Cu LE on gastric antioxidant
enzymes
Table 2 depicts the alterations in activities of different
gastric antioxidant enzymes on piroxicam administration.
Piroxicam feeding inhibits activities of key gastric antiox-
idant  enzyme called gastric peroxidase and glutathione-
S-transferase. Increased activities of gastric glutathione
reductase, glutathione peroxidase, superoxide dismutases
e and oxidized glutathione content in rat stomach.
ups (Values expressed as mean ± S.E.M.)
) Aqueous curry leaf
extract  treated (Cu
LE200)
Piroxicam
treated (Px)
Aqueous curry leaf extract
pre-treated  + piroxicam
treated (CuLE200 + Px)
3 0.57 ± 0.02 1.32 ± 0.06a 0.65 ± 0.02b
9 2.61 ± 0.29 14.7 ± 0.31a 2.76 ± 0.26b
9 44.5 ± 0.98 18.1 ± 0.56a 45.1 ± 0.67b
8 24.3 ± 1.06 8.96 ± 0.34a 22.1 ± 0.67b
2 0.41 ± 0.01 0.98 ± 0.06a 0.41 ± 0.03b
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Table  2
Alterations in the activities of key antioxidant enzymes in rat gastric tissue.
Antioxidant enzymes (units of activity) Animal groups (values of different antioxidant enzymes’ activities
expressed  as mean ± S.E.M)
Control (C) Aqueous curry leaf
extract  treated (Cu
LE200)
Piroxicam
treated (Px)
Aqueous curry leaf extract
pre-treated  + piroxicam
treated (Cu LE200 + Px)
Gastric peroxidase (units/min/mg of tissue protein) 74.41 ± 1.71 74.98 ± 1.33 36.32 ± 1.11a 64.55 ± 1.21b
Glutathione peroxidase (nmol of NADPH produced/min/mg of
tissue protein)
0.28 ± 0.01 0.27 ± 0.01 0.65 ± 0.02a 0.31 ± 0.01b
Catalase (mol  of H2O2 consumed/min/mg of tissue protein) 10.52 ± 0.52 10.57 ± 0.62 18.75 ± 0.52a 11.23 ± 0.69b
Cu–Zn superoxide dismutase (units/min/mg of tissue protein) 2.16 ± 0.21 2.05 ± 0.24 5.67 ± 0.24a 2.44 ± 0.27b
Mn superoxide dismutase (units/min/mg of tissue protein) 1.32 ± 0.12 1.37 ± 0.08 3.19 ± 0.21a 1.56 ± 0.19b
Glutathione-S-transferase activity (units/min/mg of tissue
protein)
0.72 ± 0.02 0.72 ± 0.03 0.35 ± 0.03a 0.63 ± 0.02b
9 ± 0.01 a bGlutathione reductase activity (units/min/mg of tissue protein) 0.2
a P ≤ 0.001 compared to control values using ANOVA.
b P ≤ 0.001 compared to piroxicam treated values using ANOVA.
(Cu–Zn SOD and Mn  SOD) and catalase are also observed
on piroxicam feeding. Pre-treatment of piroxicam fed rats
with  Cu LE protected the activity of these antioxidant
enzymes from being altered.
Piroxicam  was found to decrease the activities of on gas-
tric  tissue decreased gastric peroxidase and glutathione-S-
transferase by 51.48% and 51.39% compared to activities
observed in the control rats (*P ≤ 0.001 vs. control in each
case).  On the other hand, piroxicam feeding increased glu-
tathione  reductase, glutathione peroxidase, Cu–Zn SOD,
Mn  SOD and catalase by 96.5%, 56.92%, 2.62 folds, 55%
and  78.23% respectively compared to respective controls
(*P  ≤ 0.001 vs. control in each case).
3.5.  Protective effect of Cu LE on serum and tissue level
PGE2
The serum level of PGE2 was decreased by 52.3%
on piroxicam treatment (*P ≤ 0.001 vs. control). Piroxi-
cam  feeding also depleted tissue level of PGE2 by 21.9%
(*P  ≤ 0.001 vs. control). Both serum and tissue levels of PGE2
were found to be completely protected from being altered
when  the animals were pre-treated with Cu LE at a dose
of  200 mg/kg body weight dose before piroxicam feeding
(Fig.  4A and B). Administration of only Cu LE at 200 mg/kg
BW  dose did not alter PGE2 titre either in serum or in gastric
tissue.
3.6.  Protective effect of Cu LE on the formation of reactive
oxygen species in vivo
Treatment  of rats with piroxicam results in huge
amount of free radical generation in vivo. Measurement of
free  hydroxyl radical as represented in Fig. 4C in gastric tis-
sues  indicates a signiﬁcant rise from control by 3.98 folds
(*P  ≤ 0.001 vs. control). Pre-treatment of rats with Cu LE
signiﬁcantly prevented the hydroxyl radicals from being
increased (i.e., 73.85% [P < 0.001 vs. piroxicam fed group]).
Status of superoxide anion free radical was  estimated
indirectly by determining the activities of two pro-oxidant
enzymes viz. XO and XDH (Fig. 4D and E). Rats treated
with only piroxicam showed rise in XO activity and XDH
activity by 2.27 folds and 61.36% respectively (*P ≤ 0.001 0.30 ± 0.01 0.57 ± 0.02 0.34 ± 0.01
vs.  control in each case), thereby clearly indicating sig-
niﬁcant elevation in tissue superoxide anion free radical.
Pre-treatment of rats with Cu LE at 200 mg/kg BW dose
before administering piroxicam showed signiﬁcant protec-
tion  in the activities of the two  enzymes by 56.82% (for
XO  activity) and 38.03% (for XDH activity) when compared
to  only piroxicam fed group (*P ≤ 0.001 vs. piroxicam fed
group  in each case). Status of free oxygen radicals gener-
ated  in tissues was found to remain unaltered in the animal
group  fed only Cu LE at a dose of 200 mg/kg body weight.
3.7.  Protective effect Cu LE on the activities of PDH, ICDH,
˛-KGDH, SDH, NADH cytochrome c oxidoreductase and
cytochrome c oxidase
Fig.  5 reveals that piroxicam treatment of rats with
piroxicam at 30 mg/kg BW dose resulted in decrease in
activities of PDH, ICDH, -KGDH and SDH compared to
control  by 54.76%, 50%, 72.45% and 55.4% respectively
(*P ≤ 0.01 vs. control). Rats treated with only Cu LE did not
show  any change in the activities of such enzymes com-
pared  to control. Pre-treatment of rats with Cu LE before
piroxicam feeding also prevented any decrease in the activ-
ities  of such mitochondrial Kreb’s cycle enzymes.
Alterations in mitochondrial respiratory chain
enzymes namely NADH cytochrome c oxidoreductase and
cytochrome c oxidase activities are represented in Fig. 5E
and  F respectively. On piroxicam treatment activity of
NADH  cytochrome c oxido reductase decreased by 60.13%
and  activity of cytochrome c oxidase activity reduced
by 45.24% compared to respective control activities
(*P ≤ 0.001 in each case). Rats were found to be protected
against any such decreased activities of enzymes when
pre-treated with Cu LE at a dose of 200 mg/kg body weight.
3.7.1.  Protective effect of Cu LE on collagen content of rat
gastric  tissues
Fig.  6 indicates tissue disintegration and breakdown of
cellular  matrix to potentiate sloughing of mucosal cells
on  piroxicam administration. Photomicrographs of Sir-
ius  red stained sections and confocal microscopy done
to  determine tissue collagen volume reveal that piroxi-
cam  depleted tissue collagen signiﬁcantly (33.4% decrease
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Fig. 4. Protective mechanism of aqueous curry leaf extract at 200 mg/kg body weight dose against piroxicam induced oxidative stress in rat stomach.
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aA)  The serum PGE level. (B) The gastric tissue PGE level. (C) The gastri
ehydrogenase activity. The bar graphs represent the values of the differ
P  ≤ 0.001 vs. control, **P ≤ 0.001 vs. piroxicam treated animals (one-way
s. control, *P ≤ 0.001 vs. control). Collagen volume did
ot  decrease signiﬁcantly in Cu LE pre-treated piroxicam
dministered group which indicates that tissue collagen
epletion and gastric tissue damage can be well prevented
f  prior administration of Cu LE is done.
.7.2. Protective effect of Cu LE on pro-MMP 9 activity in
at  gastric tissue
Cu  LE at a dose of 200 mg/kg body weight dose can effec-
ively decrease pro-MMP 9 activity by 21.1% against activity
n  control animals. Therefore, when Cu LE was admin-
stered before piroxicam feeding, activity of pro-MMP 9
igniﬁcantly decreased than the levels determined for only
iroxicam  administered animals. The activity levels of Pro-
MP  9 in Cu LE + Px treated animal group decreased by
1.3%  against only piroxicam administered group.
.8. Chemical analysis of Cu LEDry curry leaf powder yielded 14.72% (by weight)
ater soluble components. Chemical characterization of
he  extract showed presence of polyphenol, ﬂavonoid,
lkaloid and tannin. Table 3 shows the amount of each free hydroxyl radical level. (D) Xanthine oxidase activity. (E) Xanthine
meters studied and all the values are expressed as mean ± S.E.M. where
 followed by Scheffe’ multiple comparison test).
substance in milligrams per gram extract. The extract
contains protein and water soluble polyphenols in appre-
ciable  amount. Fig. 7A shows GCMS analysis of the extract
and  7B bears the representative images of mass spec-
trometry of ﬁve important compounds present in the
extract. Ten of the total ﬁfteen compounds identiﬁed
to be present in the extract include GC–MS reference
compounds and metabolites from pestidicides. Therefore,
ﬁve  of the ﬁfteen compounds determined to be relevant
in  the present study are pyrrolidine, [2-butyl-1-methyl-
],2,2′-dipiperidine, phenol, [2-methyl-5-(1-methylethyl)],
estra-1,3,5(10)-triene-17-one and phytol. Presence of
these  ﬁve compounds clearly supports the presence of alka-
loids,  polyphenols, ﬂavonoids and chlorophyll respectively
in  Cu LE.
4.  Discussion
Alternative medicine in management of different dis-
eases  is gaining in importance and emerging as an
extensive ﬁeld of research for the drug development indus-
try.  Different dietary factors and nutritional components
are emerging in future therapeutics either as magical
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Fig. 5. Protective action of aqueous curry leaf extract at 200 mg/kg body weight on piroxicam induced altered activities of mitochondrial Kreb’s cycle
(A–D)  and electron transport chain enzymes (E and F). (A) The pyruvate dehydrogenase activity. (B) The isocitrate dehydrogenase activity. (C) The alpha-
ketoglutarate  dehydrogenase activity. (D) The succinate dehydrogenase activity. (E) The NADH-cytochrome c oxido-reductase activity. (F) The cytochrome
c  oxidase activity. Bar graphs represent the values of activity levels of the enzymes and all the values are expressed as mean ± S.E.M. where *P ≤ 0.001 vs.
control,  **P ≤ 0.001 vs. piroxicam treated animals (one-way ANOVA followed by Scheffe’ multiple comparison test).
Table 3
Extraction yield and phytochemical composition of aqueous curry leaf extract (Cu LE).
Samples Extraction yielda Phytochemical content
Total phenols
(mg  GAEb/g Cu
LE)
Total ﬂavonoid
(mg  CEc/g Cu
LE)
Chlorophyll
content  (mg/g
Cu  LE)
Alkaloid
content (mg
BNd/g Cu LE)
Total tannin
(mg  TAEe/g Cu
LE)
Curry (Murraya koenigii) leaf
aqueous extract (Cu LE)
14.72 ± 0.36 57.5 ± 0.05 5.2 ± 0.21 0.32 ± 0.006 38.6 ± 0.14 0.118 ± 0.006
Values represent the means of three replicates ± S.E.M.
a Extraction yield (%) = (sample extract weight/sample weight) × 100.
b GAE, gallic acid equivalent.
c CE, catechin equivalent.
d TAE, tannic acid equivalent.
e BN, bismuth nitrate.
healers or as protective shields in ensuing fatal diseased
conditions. Recent management of gastric pathology also
relies  more on the upcoming trend of using alterna-
tive medicine for protection and remedy. Considering the
changes  in disease management we searched for herbal
nutritional sources effective in protecting against piroxi-
cam  induced gastro-ulcerative side effect.Our present study aims to establish that aqueous leaf
extract of curry plant (a popular South-Asian spice herb)
has  the potential to protect against piroxicam induced
oxidative stress mediated gastric ulcer. This extract has
been  chemically characterized to be rich in alkaloids,
polyphenols, ﬂavonoids and chlorophyll. The antioxidant
properties of alkaloids, polyphenols, ﬂavonoids and phytol
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Fig. 6. Protective effective of 200 mg/kg body weight dose of aqueous curry leaf extract in piroxicam-fed rat stomach. (A) The photomicrographs of picro-
sirius  red stained sections. (B) Representative ﬁgures of confocal images of picro-sirius red stained sections. (C) The bar graph showing changes in gastric
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cissue  collagen volume. (D) The representative ﬁgure for determining pr
rbitrary  activity values of pro-MMP 9. All values in (C) and (E) are express
nimals  (one-way ANOVA followed by Scheffe’ multiple comparison test)
obtained from breakdown of chlorophyll) from differ-
nt  herbal sources are used as nutritional supplements
nd alternative medicines in oxidative stress induced dis-
ase  models [39–41]. This popular Indian spice herb with
mmense health beneﬁts has been shown to possess pro-
iﬁc  antioxidant activities. The leaf extract of M.  koenigii has
een  shown to provide protection against oxidative stress
nduced  in diabetes [4]. Aqueous extract of this leaf has
een  found to be effective in providing protection against
admium and lead induced oxidative stress in rats [7,42].
 number of in vitro [43,44] and in vivo [45,46] studies
onﬁrmed the free radical scavenging potential and antiox-
dant  activities of leaf extracts of M.  koenigii proposing its
mmediate ameliorative actions in oxidative stress models.
Considering the rich source of antioxidants in Cu LE,
e  studied the dose-dependent effect of the extract on
iroxicam induced gastric oxidative stress and ulcer. Cu
E  at 200 mg/kg BW dose maximally protected rat stom-
ch  against any oxidative damage mediated by 30 mg/kg
W  dose of piroxicam. Our macroscopic and histopatho-
ogical studies showed that almost no ulcerative damage
ccurred in rats when they were pre-treated with the
ntioxidant rich aqueous leaf extract. Collagen depletion,
 marker for tissue disintegration and damage, was appre-
iably  prevented on pre-treatment of piroxicam-fed rats 9 activity through gelatin zymography. (E) The bar graph representing
ean ± S.E.M. where *P ≤ 0.001 vs. control, **P ≤ 0.001 vs. piroxicam treated
with  aqueous curry leaf extract. This is well exhibited in
the  confocal images of the Sirius red stained gastric tis-
sue  sections used for collagen volume determination by
Image  J software. Matrix metalloproteinases (MMPs) are
enzymes  secreted as zymogen granules called pro-MMPs.
These zymogen granules are involved in extracellular
matrix degradation and pro-MMP 9 and MMP-9 have been
indicated  as the primary factors in extracellular matrix
degradation and epithelial cell denudation in NSAID(s)
induced gastric ulcers [34]. Our present study also carried
out  gelatin zymography to determine whether pro-MMP 9
activity  altered in piroxicam treatment and if the aqueous
extract mediated protection was also through inhibition
of  matrix degrading enzyme. Quantitative determination
of the changes in pro-MMP9 activity revealed that aque-
ous  curry leaf extract pre-treatment inhibited signiﬁcantly
enhanced pro-MMP9 activity in piroxicam administered
animals.
We  observed increased accumulation of thiobarbituric
acid reactive substances (TBARS) and protein carbonyls in
gastric  tissues of piroxicam treated rats indicating involve-
ment  of oxidative stress. Administration of piroxicam at
30  mg/kg BW dose further depleted reduced glutathione
and non protein sulfhydryl compounds in gastric tissue.
These  ﬁndings were consistent with earlier reports on
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Fig. 7. (A) The representative ﬁgure for gas chromatogram of the extract. (B) The representative ﬁgures for the mass spectrometry. Upper panel shows the
mass  spectrometric data of the chromatographic peaks obtained at 6.341 min, 7.245 min  and 8.905 min. Lower panel shows the mass spectrometric data
of  the chromatographic peaks obtained at peak at 9.797 min  and 14.815 min.
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TFig. 8. The possible mechanism of protection by Cu LE ag
iroxicam induced gastric ulcer [9,47]. Increase in lipid
eroxidation and protein oxidation by 2.16 folds and 5.57
olds  from control levels respectively resulted in increased
onsumption of glutathione. A signiﬁcant increase in
SSG–GSH ratio in piroxicam-administered animals by 4.3
olds  (P ≤ 0.001 vs. control) from control value established
hat glutathione consumption has markedly increased
nder stress conditions. Decrease in non-protein sulfhydryl
ompounds on piroxicam administration signiﬁcantly indi-
ates  that such compounds might have been used in
ecycling endogenous antioxidants. Therefore, the ﬁndings
upport  that antioxidant rich aqueous curry leaf extract can
e  immensely beneﬁcial in suppressing oxidative damages
n  gastric tissue biomacromolecules like lipids and proteins
hrough its direct free radical scavenging effects or some
ndirect antioxidant actions.
Signiﬁcant decreases in the activities of antioxi-
ant enzymes like gastric peroxidase and glutathione
-transferase and increase in the activities of glutathione
eductase, glutathione peroxidase, catalase and superox-
de  dismutases indicate a growing imbalance in oxidants
nd  antioxidants in gastric tissues after piroxicam admin-
stration. Aqueous curry leaf extract at 200 mg/kg BW dose
rotected  against any such piroxicam induced alterations
n  activities of antioxidant enzymes. This well indicates
hat aqueous leaf extract has potentially scavenged the free
adicals  generated in vivo eliminating all adverse effects.
his  might have restored the oxidant–antioxidant balanceroxicam-induced oxidative stress mediated gastric ulcer.
in  the stomach. Activities of mitochondrial Kreb’s cycle
enzyme and electron transport chain enzymes showed
signiﬁcant fall further supporting the fact that oxidative
stress burden is the causative factor of gastro-mucosal
erosion and bleeding. This ﬁnding indicates that building
up  of a reducing environment in the stomach results in
accumulation of excess electrons that in turn generate reac-
tive  oxygen species (ROS) like superoxide anion radicals,
hydroxyl radical etc. Free superoxide anion radicals and
hydroxyl radicals have been indicated to be the major con-
tributing  factors in piroxicam and similar NSAIDs induced
gastropathy and gastric ulcer. One study has clearly empha-
sized  hydroxyl radical to be the principal causative agent in
piroxicam  mediated gastric ulcer [2]. In our present study
we  found that aqueous curry leaf extract is capable of scav-
enging  free radicals. In vivo hydroxyl radical titre decreased
signiﬁcantly in rats pre-treated with aqueous curry leaf
extract. Superoxide anion radical status determined indi-
rectly  by studying the activities of the pro-oxidant enzymes
xanthine oxidase and xanthine dehydrogenase showed
similar results. Under oxidative stress conditions selec-
tive  proteolysis of dehydrogenase to oxidase results in
formation of superoxide anion radical from molecular oxy-
gen  in the course of acting upon its substrates xanthine
and hypoxanthine. A signiﬁcant increase in activities of
both  the above mentioned enzymes in the present study
suggests increased generation of superoxide anion radi-
cal  in gastric tissues following piroxicam administration.
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Pre-treatment of rats with aqueous curry leaf extract pro-
tected  the enhanced generation of superoxide anion radical
by  preventing the increase in activities of the pro-oxidant
enzymes.
Gastric mucin is a pivotal factor in protecting gas-
tric mucosa from physical damage and back diffusion of
hydrogen  ions. Depletion in mucin content in piroxicam-
administered animals possibly occurred due to the adverse
effects  of free superoxide anion and hydroxyl radi-
cals. Gastro-mucosal mucin depletion was protected
on pre-administration of aqueous curry leaf extract in
piroxicam-fed animals. Microscopic study of Alcian blue
dye  stained gastric sections puts forward the possibility
that the leaf extract might have increased or changed the
nature  of mucous secreted in stomach. Stomach tissues of
piroxicam  fed animals showed increased acid mucin secre-
tion,  which was minimized to a great extent in aqueous
extract pre-treated piroxicam-fed animals.
Piroxicam, a classical example of NSAID exerts its action
like  other NSAIDs by decreasing serum circulating and gas-
tric  tissue prostaglandins (PGE2) [30]. Such therapeutic
action of piroxicam and other NSAIDs brings with it detri-
mental  toxic actions in organs particularly the stomach
where this PGE2 exerts its protective action. PGE2 stimu-
lates mucous and bicarbonate secretion as well as mucosal
blood  ﬂow, and induce angiogenesis. Serum and tissue level
PGE2 were protected in aqueous curry leaf extract pre-
administered rats further strengthening the idea to use
this  aqueous extract in combination therapy in piroxicam
treatment.
Fig.  8 proposes a model to explain the multi-step pro-
tection rendered by aqueous curry leaf extract in piroxicam
induced gastric tissue damage. The ﬁgure clearly explains
piroxicam mediated oxidative stress is the principal con-
tributor  in stomach tissue damage and ulcer. Aqueous
extract pre-administration results in protection against all
damaging  effects through its antioxidant role, inhibitory
action on pro-MMP9 activity and protective effects on
quantity and nature of gastro-protective mucin secretion.
Oral  administration of piroxicam at a dose of 30 mg  per
kg  body weight induced gastric ulcer in male Wistar rats.
Pre-treatment with aqueous extract of curry leaves at a
dose  of 200 mg  per kg body weight an hour before oral
administration of piroxicam protected against piroxicam
induced oxidative stress mediated gastric ulcer. Thus, curry
leaves  may  be included in regular diet of patients undergo-
ing  piroxicam and similar NSAID treatment. It may  be used
either  singly or in co-therapeutic treatment regimen. Pirox-
icam,  otherwise safe drug with minimum side-effects may
be  effectively used by clinicians if necessary in combination
with this aqueous extract.
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